Bishō hikari kyōshinki shūhasū komu eno hisenkei kōgaku kōka no eikyō ni kansuru kenkyū by スズキ, リョウ et al.
 
 
 
 
A thesis for the degree of Ph.D. in Engineering 
 
 
Investigation into the effects of optical nonlinearities 
on microresonator frequency combs 
 
 
 
 
 
 
  
February 2019 
 
 
Graduate School of Science and Technology 
Keio University 
 
SUZUKI, Ryo 
 
ู⾲㸳  㸦ᵝᘧ⏥3㸧 
  (3) 
 ୺ ㄽ ᩥ せ ᪨ No.1     
ሗ࿌␒  ྕ ⏥    ➨       ྕ Ặ  ྡ 㕥 ᮌ  Ⰻ 
 
୺ ㄽ ᩥ 㢟 ྡ㸸 
,QYHVWLJDWLRQLQWRWKHHIIHFWVRIRSWLFDOQRQOLQHDULWLHVRQPLFURUHVRQDWRUIUHTXHQF\FRPEV
ᚤᑠගඹ᣺ჾ࿘Ἴᩘࢥ࣒࡬ࡢ㠀⥺ᙧගᏛຠᯝࡢᙳ㡪࡟㛵ࡍࡿ◊✲
 
 
㸦ෆᐜࡢせ᪨㸧 
㧗࠸ග㛢ࡌ㎸ࡵᛶ⬟㸦㧗 4್㸧ࢆ᭷ࡍࡿᚤᑠගඹ᣺ჾࢆ⏝࠸࡚Ⓨ⏕ࡉࡏࡿග࿘Ἴᩘࢥ
࣒ࡣ㸪࣐࢖ࢡࣟࢥ࣒࡜࿧ࡤࢀ㸪Ἴ㛗ศ๭ከ㔜ග㏻ಙ㸪࣐࢖ࢡࣟἼⓎ᣺ჾ㸪ගࢩࣥࢭࢧ࢖
ࢨ㸪㧗⢭ᗘศගࡸ /L'$5࡞࡝࡬ࡢᛂ⏝ࡀᮇᚅࡉࢀ࡚࠸ࡿ㸬࣐࢖ࢡࣟࢥ࣒ࡣ㸪ᑠᆺ࠿ࡘప
ࣃ࣮࡛࣡㥑ືࡋ㸪㹼*+]ࢆ㉸࠼ࡿ㧗࠸⧞ࡾ㏉ࡋ࿘Ἴᩘࡢගࣃࣝࢫࡀᚓࡽࢀࡿ࡜࠸
࠺≉ᚩࡀ࠶ࡿ㸬
 ࣐࢖ࢡࣟࢥ࣒ࡣ㸪ᚤᑠගඹ᣺ჾ࡟༢Ⰽࡢ㐃⥆Ἴ࣮ࣞࢨࢆධຊࡍࡿࡇ࡜࡛㸪ᅄගἼΰྜ
ࢆ௓ࡋ࡚Ⓨ⏕ࡍࡿࢥࣄ࣮ࣞࣥࢺ࡞ග࡛࠶ࡿ㸬ࡋ࠿ࡋ㸪ගඹ᣺ჾ୰࡛ࡣᵝࠎ࡞㠀⥺ᙧගᏛ
ຠᯝࡀᅄගἼΰྜ࡜ྠ᫬࡟⏕ࡌࡿࡓࡵ㸪ࡇࢀࡽࡢ㠀⥺ᙧගᏛຠᯝࡀ࣐࢖ࢡࣟࢥ࣒ࡢⓎ⏕
ࢆ⿵ຓ㸪ࡲࡓࡣ㜼ᐖࡋ㸪ᚓࡽࢀࡿගࡢ⧞ࡾ㏉ࡋ࿘ἼᩘࡸⓎ⏕Ἴ㛗ᇦ㸪ࢥࣄ࣮ࣞࣥࢫ࡞࡝
ࡢ≉ᛶ࡟ᙳ㡪ࢆ୚࠼ࡿ㸬
 ᮏ◊✲࡛ࡣ㸪ඹ᣺ჾ࢜ࣉࢺ࣓࢝ࢽࢡࢫ㸪ㄏᑟ࣐ࣛࣥᩓ஘㸪┦஫఩┦ኚㄪࡀ࣐࢖ࢡࣟࢥ
࣒࡬୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚᫂ࡽ࠿࡟ࡋ㸪ࡑࢀࡽࢆไᚚࡍࡿࡇ࡜࡛㸪࣐࢖ࢡࣟࢥ࣒ࡢప㞧㡢㸪
ືసἼ㛗ࡢᣑ኱㸪ࢫ࣌ࢡࢺࣝᙧ≧ࡸ⧞ࡾ㏉ࡋ࿘Ἴᩘࡢไᚚᛶࡢྥୖ࡟ࡘ࡞ࡆࡿ㸬
➨㸯❶࡛ࡣ㸪ᮏ◊✲ࡢ⫼ᬒ࡜┠ⓗࢆ㏙࡭ࡓ㸬
➨㸰❶࡛ࡣ㸪࣐࢖ࢡࣟࢥ࣒Ⓨ⏕࡛⏝࠸ࡿ㧗 4್ᚤᑠගඹ᣺ჾࡢస〇࡜ග⤖ྜࡢᡭἲ࡟
ࡘ࠸࡚㏙࡭ࡓ㸬
➨㸱❶࡛ࡣ㸪࣐࢖ࢡࣟࢥ࣒Ⓨ⏕ࡢᶵᵓࢆㄝ᫂ࡋ㸪ᅄගἼΰྜ࡟ࡼࡗ࡚࣐࢖ࢡࣟࢥ࣒ࡀ
ⓎࡉࢀࡿᵝᏊࢆ♧ࡋࡓ㸬
➨㸲❶࡛ࡣ㸪࣐࢖ࢡࣟࢥ࣒Ⓨ⏕᫬ࡢඹ᣺ჾ࢜ࣉࢺ࣓࢝ࢽࢡࢫࡢ᣺ࡿ⯙࠸࡟ࡘ࠸࡚ㄪ࡭㸪
࣐࢖ࢡࣟࢥ࣒ࢆⓎ⏕ࡉࡏࡿ࡜ඹ᣺ჾᵓ㐀ࡢࣃ࣓ࣛࢺࣜࢵࢡ᣺ືࡀᢚไ࡛ࡁࡿࡇ࡜ࢆ᫂ࡽ
࠿࡜ࡋࡓ㸬ࡇࡢ⤖ᯝ࡟ࡼࡾ㸪࣐࢖ࢡࣟࢥ࣒Ⓨ⏕᫬࡟ࡣ㸪ᶵᲔ᣺ື࡟㉳ᅉࡍࡿ㞧㡢ࢆపῶ
࡛ࡁࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓ㸬 
➨㸳❶࡛ࡣ㸪ࢩࣜ࢝〇ᚤᑠගඹ᣺ჾࢆ⏝࠸࡚⾜ࡗࡓ㸪ㄏᑟ࣐ࣛࣥᩓ஘ࢆ௓ࡋࡓ࣐࢖ࢡ
ࣟࢥ࣒Ⓨ⏕ࡢᐇ㦂࡟ࡘ࠸࡚㏙࡭ࡓ㸬ඹ᣺࿘ࡢඹ᣺ჾ࿘Ἴᩘ࡟ᑐࡍࡿບ㉳ගࡢ࿘Ἴᩘࢹࢳ
࣮ࣗࢽࣥࢢ㔞࡜㸪ගඹ᣺ჾ࡬ࡢධຊගࡢ⤖ྜᙉᗘࢆ᧯సࡍࡿࡇ࡜࡛㸪࣐࢖ࢡࣟࢥ࣒ࡢ୰
ᚰἼ㛗ࢆไᚚ࡛ࡁࡿࡇ࡜ࢆ᫂ࡽ࠿࡜ࡋ㸪Ἴ㛗ᣑ኱࡬ࡢ㐨➽ࢆ♧ࡋࡓ㸬
➨㸴❶࡛ࡣ㸪/XJLDWR/HIHYHU ᪉⛬ᘧࢆ⏝࠸࡚㸪┤஺೫ගࡢ  ගἼ࡛ບ㉳ࡉࢀࡓ༢୍ඹ
᣺ჾ࡟࠾ࡅࡿ㸪ࢹࣗ࢔ࣝࢥ࣒Ⓨ⏕࡜ࢯࣜࢺࣥࢺᤕᤊ࡟ࡘ࠸࡚ࡢィ⟬⤖ᯝࢆ♧ࡋࡓ㸬2 ࡘ
ࡢ࣮ࣔࢻࡢ⧞ࡾ㏉ࡋ࿘Ἴᩘࡢᕪࡀ኱ࡁ࠸࡜┦஫఩┦ኚㄪ࡟ࡼࡿࢯࣜࢺࣥᤕᤊࡀ㉳ࡁࡎ㸪
⧞ࡾ㏉ࡋ࿘Ἴᩘࡢ␗࡞ࡿࢹࣗ࢔࣐ࣝ࢖ࢡࣟࢥ࣒ࡀ༢୍ඹ᣺ჾࢆ⏝࠸࡚Ⓨ⏕࡛ࡁࡿࡇ࡜ࢆ
᫂ࡽ࠿࡜ࡋࡓ㸬 
➨㸵❶࡛ࡣ㸪⤖ㄽ࡜ࡋ࡚ྛ❶࡛ᚓࡽࢀࡓෆᐜࢆࡲ࡜ࡵ㸪ᮏ◊✲ࡢᡂᯝࢆせ⣙ࡋࡓ㸬 
 
ู⾲㸴  㸦ᵝᘧ⏥ 4㸧 
㸦㸱㸧                                    .HLR8QLYHUVLW\
 
7KHVLV$EVWUDFW
 1R     
5HJLVWUDWLRQ
1XPEHU
☑³.28´   Ƒ³2768´
1R        2IILFHXVHRQO\ 1DPH 68=8.,5\R
7KHVLV7LWOH
,QYHVWLJDWLRQLQWRWKHHIIHFWVRIRSWLFDOQRQOLQHDULWLHVRQPLFURUHVRQDWRUIUHTXHQF\FRPEV
7KHVLV6XPPDU\
)UHTXHQF\FRPEVJHQHUDWHGE\XVLQJDPLFURUHVRQDWRU WKDWSURYLGHV WKHVWURQJFRQILQHPHQWRI OLJKW
KLJK4 DUH FDOOHGPLFURFRPEV DQG WKH\ DUH H[SHFWHG WR EH XVHG IRU VXFK DSSOLFDWLRQV DV RSWLFDO
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V\QWKHVL]HUVKLJKSUHFLVLRQVSHFWURVFRS\DQG/L'$5  0LFURFRPEVFDQJHQHUDWHKLJKUHSHWLWLRQUDWH
RSWLFDOSXOVHVDWIUHTXHQFLHVH[FHHGLQJWR*+]
  $PLFURFRPE LV FRKHUHQW OLJKW WKDW LV JHQHUDWHG E\ IRXUZDYHPL[LQJ E\ LQMHFWLQJ WKH OLJKW IURP D
FRQWLQXRXVZDYH SXPS ODVHU LQWR D PLFURUHVRQDWRU +RZHYHU RWKHU RSWLFDO QRQOLQHDU HIIHFWV RFFXU
WRJHWKHUZLWK IRXUZDYHPL[LQJSURFHVVHV LQDPLFURUHVRQDWRUZKLFKPD\KHOSRUGLVWXUEPLFURFRPE
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PRGXODWLRQ RQ PLFURFRPE JHQHUDWLRQ DUH LQYHVWLJDWHG  %\ FRQWUROOLQJ WKHVH HIIHFWV WKH QRLVH
EDQGZLGWKVSHFWUXPVKDSHFRQWUROODELOLW\DQGUHSHWLWLRQUDWHFKDUDFWHULVWLFVRI WKHPLFURFRPEFDQEH
LPSURYHG
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PLFURFRPEJHQHUDWLRQ
&KDSWHUGHVFULEHVWKHLQIOXHQFHRIFDYLW\RSWRPHFKDQLFDOEHKDYLRUVRQPLFURFRPEJHQHUDWLRQDQG
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GHWXQLQJRIWKHSXPSIURPWKHUHVRQDQWZDYHOHQJWKRIWKHFDYLW\DQGE\WXQLQJWKHFRXSOLQJVWUHQJWKRI
WKHLQSXWOLJKW
&KDSWHU  LV D QXPHULFDO VWXG\ RI GXDOFRPE JHQHUDWLRQ DQG VROLWRQ WUDSSLQJ LQ D VLQJOH
PLFURUHVRQDWRUZKRVHWZRWUDQVYHUVHPRGHVDUHH[FLWHGZLWKRUWKRJRQDOO\SRODUL]HGGXDOSXPSLQJ
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